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Abstract
The discriminative tasks of face and geometrical ﬁgure were trained in three rhesus monkeys. The hole feature speeds up learning
of face discrimination, but hampers learning of ﬁgure discrimination. By reducing presentation duration of the stimuli, the detecting
precedence appears to be the hole feature of the face component, while it appears to be shape feature of ﬁgures. The patterns of
neuron ﬁrings in inferior temporal cortex (IT) are consistent with the context-dependent precedence of hole feature. The results
might suggest that the neural correlates exist not only in IT neurons, but also in combination with executive mechanism.  2002
Elsevier Science Ltd. All rights reserved.
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1. Introduction
Traditionally, perceptual mechanism of the brain was
thought to be innate, and comprised of a number of
feature detectors, including geometric features (Hubel &
Wiesel, 1977), texton (Julesz, 1983), the geons for com-
pound percept (Biederman, 1987), and the assemblies of
cells speciﬁed to recognition of face and object (Gross,
Rocha-Miranda, & Bender, 1972; Desimone, Albright,
Gross, & Bruce, 1984) in inferior temporal cortex (IT).
This notion has been changing recently. For example,
category diﬀerences in recognition of face, object,
words, and their specialization of the cognitive modules
in the brain might be specialization through experience
during maturation. The level of categorization and ex-
pertise, rather than superﬁcial properties of objects,
determines the specialization of the fushiform face area.
Visual areas selective for recognition of faces can be
recruited through expertise for non-face objects. This
reﬂects a new emphasis on experience in theories of vi-
sual specialization. Le Grand, Mondloch, Maurer, and
Brent (2001) claimed that adult-like expertise in pro-
cessing face information takes years to develop and is
mediated in part by specialized cortical mechanisms
sensitive to the spacing of facial features (conﬁgural
processing). They showed that deprivation of patterned
visual input from birth until 2–6 months of age results in
permanent deﬁcits in conﬁgural face processing. Even
after more than nine years’ recovery, patients treated for
bilateral congenital cataracts were severely impaired at
diﬀerentiating faces that diﬀered only in the spacing of
their features, but were normal in distinguishing those
varying only in the shape of individual features. These
ﬁndings indicate that early visual input is necessary for
normal development of the neural architecture that will
later specialize for conﬁgural processing of faces.
The questions imbedded in the mentioned facts seem
to be that the detecting ability for topological relation is
acquired during maturation, while the detecting ability
to the geometrical shape of the face component is innate
or ﬁxed in phylogenic evolution. If so, which is the ﬁrst
in perceptual information processing, the geometric
shape of the face component or the topological feature is
still a puzzle. Where does visual information processing
begin? Using compound stimulus patterns with small
letters nested within a larger letter, the global feature is
formally identiﬁed with the properties of larger letters,
and the local feature is deﬁned by the properties of the
small letters. By the paradigm, Navon (1977) found that
the reaction time (RT) of human subjects to larger let-
ters is shorter than those to the small letters, and there is
a global interference over the local level. Therefore, he
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advanced the global precedence hypothesis, which states
that visual pattern processing proceeds from a more
global level to a more local level. However, subsequent
studies have shown that RTs and the interference eﬀect
do not always display a global advantage. RTs may
show a local precedence eﬀect where visual angle (Kin-
chla & Wolfe, 1979), density of local elements (Martin,
1979), stimulus position in the visual ﬁeld (Pomerantz,
1983), spatial frequency components of the compound
stimuli (Lamb & Yund, 1993) or the strength of
perceptual grouping (Han & Humphreys, 1999) are
involved. Proximity, similarity and holes are gestalt
factors governing perceptual grouping, and grouping
by proximity may occur earlier (Chen, 1989; Han,
Humphreys, & Chen, 1999), and be perceived faster
(Ben-Av & Sagi, 1995) than grouping by similarity of
shapes.
Although the mentioned facts from the studies by
letter or geometric ﬁgure as stimuli seem to support the
global advantage over local information or topological
advantage over Euclidean geometric features, the evi-
dence may sometimes be complicated. In this paper, the
discriminative sensitivity of a hole in a diﬀerent context
is investigated. Face is a specialized compound stimulus,
while a geometric shape is a generalized stimulus. As of
the topological features, a hole imbedded in diﬀerent
context, which one will play the more sensitive role in
discriminative task of a monkey, a hole in geometric
shape or a hole in the line-drawn face? In Experiment 1,
the advantage between hole and shape feature was
compared in discrimination of geometric ﬁgures and
line-draw faces; in the second experiment, the perceived
role of the hole in a diﬀerent context was observed. In
Experiment 3, the neural correlates of the perceptual
advantage were studied by extra-cellular recording of
the neurons in IT of monkeys.
2. Experiment 1: geometric shape and hole feature
The hypothesis advanced by Chen (1982) is that a
primitive and general function of the visual system is the
perception of global topological properties. One of the
basic experiments revealing the inﬂuence of topological
properties on early visual processing involves a 5 ms
presentation of each of three pairs of geometric ﬁgures
controlled by a tachistoscope, while the subject was
asked if the ﬁgures were the same or diﬀerent. The
performance was signiﬁcantly better for the ring-disk
pair than for the other two pairs (square-disc, triangle-
disc), therefore, perceptual precedence of the hole inside
the disc (the ring) in human subjects was demonstrated
(Chen, 1982, 1990). Both geometric ﬁgures and line-
drawn faces were used as stimuli for monkeys in the
experiment, and the project aimed at the question that
either shape or hole presents the perceived precedence.
2.1. Materials and methods
Three female rhesus monkeys, weighing 4–5 kg and
2–3 years old, were caged separately after being selected
as experimental subjects. This experiment was carried
out in accordance with the guidelines laid down by the
NIH in the US regarding the care and use of animals for
experimental procedures. The monkey was seated in a
primate chair inside a sound-proof, electricity-proof
room. All of the stimuli were generated by the computer
and displayed on its monitor 15–20 cm from monkey’s
chair. An infrared ray touch screen was ﬁxed on the
monitor in order to record the monkey’s responses to
the stimuli. The monkey was trained to point to a pos-
itive ﬁgure that appeared randomly at right or left side
of the screen. An electronic food-deliver was controlled
by the computer and released food rewards (a peanut), if
the animal pointed correctly. Every monkey was trained
by the same schedule, 15 blocks a day and ﬁve days a
week. The training block contained 15 trials. The trial
sequence began with a cue or warning signal 500 ms long
followed by a pair of ﬁgures 1000 ms long. The cue
signal was a ﬂash light spot in the center of the screen,
then two ﬁgures appeared on each side of the screen
immediately after the cue disappeared. Each pair of
stimuli contained a positive and a negative stimulus. The
discriminative stimuli of geometric shapes comprised of
three groups, each contained four geometric shapes: a
positively geometric stimulus (PG) and three negatively
geometric stimuli (NG), as in Table 1(A). For example,
PG–NGs displayed simultaneously two ﬁgures on screen
with diﬀerent geometric shape; PG–NGh displayed two
ﬁgures with the same shape but diﬀerent hole features;
PG–NGsh were diﬀerent in both shape and hole fea-
tures. The training of face discrimination was comprised
of four steps so that the line-drawn face could be per-
ceived as a face. The faces were used in this session as
listed in Table 1(B). The monkey was trained to dis-
criminate a real monkey face and the non-face objects in
the ﬁrst step. After the monkey mastered this task, the
real face was replaced by the sketch face. In the third
step, the task of the monkey was to discriminate the
conﬁguration face (Kobatake & Tanaka, 1994) with the
non-face objects. At last, the conﬁgural face was re-
placed by the line-drawn face. After the monkey was
successfully trained to discriminate the line-drawn face
with non-face objects, the training of the face discrimi-
nation task began. The discriminative stimuli of faces
were comprised of ﬁve line-drawn faces: a positive (PF),
two negatives with diﬀerent shape of either eye or mouth
respectively (NFs), and two negatives with a hole inside
either each eye or mouth (NFh) as in Table 1(C).
The behavioral experiment included two phases: the
training or learning phase and the perceptual detecting
phase. The RT and correct rate (CR) were recorded in
both phases; while the presentation time of the stimuli
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was reduced step by step from 1000 to 500, 100, 50, and
30 ms in the second phase, RT and CR were compared
among three groups of stimuli by SPSS software.
2.2. Results
The behavioral results demonstrate in Fig. 1 that the
CR reached 80% at the seventh training day in PG–NGs
and PG–NGsh discrimination tasks; but the discrimi-
nation in PG–NGh task reached the same CR at the
eighteenth training day. On the contrary, the face dis-
crimination in PF–NFh task is easier than those in PF–
NFs. The CR reached 80% at the sixth training day in
PF–NFh discrimination tasks; but the discrimination in
PF–NFs task reached the same CR at the seventeenth
training day.
RT and CR in discriminative performance were
compared between the Euclidean feature and topologi-
cal features of the stimuli. Since RT does not diﬀer
signiﬁcantly between the diﬀerent groups, RT is not
considered in Table 2 that shows the comparison of CR
to diﬀerent stimuli during diﬀerent presentation time.
When the presentation time is shortened to 30 ms, the
CR of PG–NGh and PF–NFs discrimination reduced
signiﬁcantly (P < 0:05). The results suggest that the hole
feature inside the geometric shapes (in discriminative
task for PG–NGh), and geometric shape of the face
component (discriminative task for PF–NFs) are diﬃ-
cult to be detected when the presentation time is short-
ened.
2.3. Discussion
The behavioral results suggest that it is an easier task
for the monkey to learn discrimination of Euclidean
geometrical shapes than those of the topological hole
feature inside the geometric shape. On the contrary, it is
easier for monkey to learn discriminating whether or not
there is a hole inside the mouth or the eye than dis-
criminating the diﬀerent shapes of the mouth or the eye.
Table 1
The stimuli in the discriminative task
A. The geometric ﬁgures in the discriminative task.
B. The diﬀerent kind of faces used in the training session of face discrimination.
C. The line-drawn faces in the discriminative task.
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As the presentation duration shortened to 30 ms, the
monkey performed the easier tasks, keeping high CR,
but CR decreased based on the diﬃculty of the task to
be learnt. Therefore, the monkey’s perception is more
sensitive to the hole in the face components but not to
the hole in the shape. On the contrary, the perceived
advantage of geometric shape over the hole inside of the
ﬁgure presents in the discriminative task of geometric
ﬁgures.
Although there is a big diﬀerence between human and
monkey society, it is a basic function to recognize or
distinguish individuals by face from the same or diﬀerent
group. Monkey’s visual inspection patterns to faces
are the constellations of physiognomic features and
their conﬁguration (Nahm, Perret, Amaral, & Albright,
1997). Holes in faces are the important feature not only
to identify an individual, but also to judge the conscious
and emotional status of an individual. However, a
human has his own understanding of the geometric
shapes by experience, even by education; but monkeys
do not have this kind of experience. Human subjects
could discriminate the hole in the shape easily (Chen,
1982); but the monkey fails to do so in our lab. Even
though there are more common points in face recogni-
tion between human and monkey, there exist the species-
speciﬁc diﬀerences in many aspects. The monkey is more
sensitive to a monkey’s face than to human faces (Pas-
calis & Bachevalier, 1998). The activation in fushiform
of the human brain is responsive to face recognition
(Ishai, Ungerleider, Martin, Maisog, & Haxby, 1997;
Kanwisher, McDermott, & Chun, 1997; McCarthy,
Puce, Gore, & Allison, 1977), so the species-speciﬁc
diﬀerences are in both behavioral aspect and the func-
tional anatomy of the brain. Therefore, it must be the
same situation that the species-speciﬁc diﬀerences in
shape recognition between humans and monkeys are
expressed. The monkey discriminated the geometric
shape with a hole in its center (Komatsu & Idsura,
1993), but the ratio of the white hole to black ring is
about 2:3. The monkey could discriminate the same
ﬁgures with ratios of 1:1.5 and 1:2 in our lab (Chen,
Zhang, & Shen, 2002). However, the ﬁgures with the low
ratios between the white center and the black ring have a
diﬀerent shape (e.g. black ring) instead of a black disk
with a white hole in its center. So it is one of species-
speciﬁc diﬀerences that the monkey perceives the pre-
cedence of hole feature in face but not in geometric
shape. By elastic graph matching algorithm, the bio-
logical system may be to ﬁrst perform fast recognition
with no or little topological constrains and then to reﬁne
the recognition process (Wiskott, 1999).
To reach the conclusion that the perceived precedence
of hole in face but not in shape discrimination exists in
monkey visual system, the other possible factors have to
be excluded. For example, in Experiment 1, the shapes
of face components are diﬀerent from the shape of
geometric ﬁgures, ellipsis instead of circle of the eyes and
the mouth, inverse triangle instead of upright triangle
of the eyes and the mouth. Therefore, we expanded
Experiment 2.
3. Experiment 2: the hole in a diﬀerent context
The context might be understood either target-back-
ground or contextual sequence in stimulus set, it is an
important factor to inﬂuence percept and learning as
well as correspondent brain function. Similarity com-
parisons for 2D geometric ﬁgures of human subjects are
highly sensitive to judgment context; the context eﬀects
occur within a single comparison rather than across
several trials (Goldstone, Medin, & Halberstadt, 1997).
A context-dependent eﬀect on event-related potentials
(ERPs) elicited by a mixed modality oddball paradigm
with diﬀerent context was reported on the basis of both
monkey and human subjects (Pineda, Westerﬁeld,
Kronenberg, & Kubrin, 1997). The results demonstrated
that N2 and P3 amplitudes to the target were enhanced
when the eliciting event and context diﬀered. A hole
Fig. 1. Monkey’s learning curves to the discriminative tasks. The
symbols are the same as in Tables 1 and 2. P < 0:05, ANOVA among
the stimuli.
Table 2
Comparison of CR in diﬀerent presentation time
Stimulus
pairs
Presentation time of the stimuli (ms)
500 100 50 30
PG–NGs 96:5 3:2 92:6 5:6 90:5 6:6 88:4 3:1
PG–NGh 94:2 3:9 91:7 7:6 84:0 7:2 49:4 6:6a
PG–NGsh 97:5 2:0 92:7 3:0 92:3 3:4 89:8 3:3
PF–NFs 87:2 4:1 86:8 2:9 85:5 4:1 63:1 3:7a
PF–NFh 90:1 5:3 88:7 2:3 87:9 3:6 87:5 6:4
a P < 0:05 Student’s t-test between PG–NGh and PG–NGs or
PG–NGsh; or between PF–NFs and PF–NFh.
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appears on the context of the stimulus that is either a
geometric ﬁgure or a face component. The hole eﬀect on
discriminative performance of monkey is to be observed
in the experiment.
3.1. Methods
The two monkeys in Experiment 1 were further
trained with the same procedure to discriminate the
same geometric shape as the face component in Experi-
ment 1. The stimulus patterns shown are in Fig. 2. They
are diﬀerent from Experiment 1 only in that the circle
and upright triangle were replaced by oval and inverse
triangle in the ﬁrst and the second row of ﬁgures. Then,
the geometric ﬁgures in the second row were shrunken
and put inside a face contour as a face component (the
eye or the mouth). The ﬁrst column of stimuli is a
positive target for monkey performance followed by
food reinforcement. The stimulus pair was comprised of
a positive and a negative ﬁgure in the other three col-
umns of stimuli. The data collected under the diﬀerent
presentation duration of the stimuli were compared
among three geometric ﬁgure pairs, and among three
face pairs as in Fig. 2. The data were statistically tested
among three categories of stimulus pairs by ANOVA
and LSD.
3.2. Results
Because the monkeys have already learnt to dis-
criminate between a disc and a triangle whether there is
or is not a hole inside a ﬁgure, the ability transfers
quickly into the discrimination between oval and trian-
gles. Even though the performance CR at the ﬁrst test-
ing day had already reached the 80%, the CR and RT
were recorded in successive three days. The CR and RT
of performance among three testing days do not have
statistical diﬀerences. The diﬀerences of performance
CR among stimulus ﬁgure pairs in diﬀerent presentation
time are shown in Table 3.
The diﬀerences of CR among three stimulus ﬁgure
pairs reach statistical signiﬁcance, and the CR of PG–
NGs pair is signiﬁcantly higher than those of PG–NGh
during the presentation of 100 and 30 ms. It is also
higher than the CR of PG–NGsh during presentation 30
ms. However, the CR of PF–NFh is signiﬁcantly higher
than the CR of PF–NFs during presentation of 100 and
30 ms, and than the CR of PF–NFsh during 30 ms
presentation.
The mean RT among three kinds of face pairs during
presentation 30 ms reaches signiﬁcant diﬀerence, and
RT of PF–NFh is shorter than the other two pairs as
shown in Table 4.
3.3. Discussion
In the experiment, the CR of PG–NGs is higher than
that of PG–NGh pairs during presentation 100 and 30
ms, and the diﬀerences reach statistical signiﬁcance. On
the contrary, the CR of PF–NFh is higher than PF–
NFs. Therefore, the internal diﬀerence between geo-
metric ﬁgures and the eye and the mouth inside face
Fig. 2. The hole feature in the diﬀerent context. The pictures in the
ﬁrst column as positive stimulus and displayed simultaneously with
one picture in the other three columns per presentation. The ﬁgures in
the second row were put inside face as the eye (in the third row) or the
mouth (in the fourth row).
Table 3
Comparison of CR in diﬀerent presentation duration
Stimulus pair Presentation time of the stimuli (ms)
1000 CR (%) 100 CR (%) 30 CR (%)
PG–NGs 88.6 9.5 76.7 13.8a 52.6 12.9a;b
PG–NGh 88.2 8.3 60.4 23.7 35.56 10.0
PG–NGsh 91.5 5.5 68.1 18.9 40.0 10.5
PF–NFs 87.41 6.7 50.0 11.0 33.3 9.4
PF–NFh 86.43 5.0 61.4 9.2a 46.6 6.6a;b
PF–NFsh 90.87 6.7 59.0 8.0 31.8 12.3
a P < 0:05 PG–NGs vs. PG–NGh or PF–NFs vs. PF–NFh.
b P < 0:05 PG–NGs vs. PG–NGh or PF–NFh vs. PF–NFsh.
Table 4
Comparison of RT in diﬀerent presentation duration
Stimulus
pair
Presentation time of the stimuli (ms)
1000 RT (ms) 100 RT (ms) 30 RT (ms)
PG–NGs 572:3 76:6 825.61 233.4 913.56 217.6
PG–NGh 588:3 65:4 745.22 54.7 914.94 379.2
PG-NGsh 526:4 40:7 595.56 108.7 1023.78 339.0
PF–NFs 617:2 120:5 687.4 140.0 958.5 219.2
PF–NFh 570:2 132:0 681.4 197.5 701.4 177.0a ;b
PF–NFsh 551.3 72.9 749 137.1 908.5 150.5
a P < 0:05 PF-NFs vs. PF-NFh.
b P < 0:05 PF–NFs vs. PG–NFsh by ANOVA and LSD.
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stimuli in Experiment 1 is not an important factor
constrained in the mentioned results. The data in the
experiment basically repeat the same results in Experi-
ment 1 and consistently support that the hole feature
does not have predominant role for 2D pattern recog-
nition of geometric ﬁgures. In the other words, a hole in
the center of an oval or a triangle is neglected in 2D
pattern recognition of the geometric ﬁgure, but it pre-
sents a perceiving precedence or predominant role, when
the ﬁgure is put into a face context as a face component.
The perceiving precedence of the hole demonstrates a
context-dependent eﬀect. Although the hole in a face
component comprises of the third order of contour
curve inside the contours of face and face component
(mouth or eye), its predominant role becomes obvious.
The context-dependent eﬀect could be understood better
in the theory of ecological psychology advanced by
Gibson (1979).
4. Experiment 3: extracellular recording in inferior
temporal cortex
IT neuron selectivity for shape is mostly preserved
over the entire range of eﬀective size and over the re-
ceptive ﬁeld, and one-half of the cells respond to some
subtle changes of the shapes, including the diﬀerence
between a pair of white rings on a black disc and a
single white ring on the same black disc (Ito, Tamura,
Fujita, & Tanaka, 1995). Several IT neurons of monkey
are sensitive to some topological feature of the stimulus
rather than to the texture and the ﬁnding was inter-
preted that ‘‘it is as if these cells were detecting a hole
inside the stimulus, though not in a very precise fash-
ion’’ (Komatsu & Idsura, 1993). The eﬀects of shape-
discrimination training by 28 moderately complex
shapes on the selectivity of IT cells in monkey were
observed and it was found that visual expertise is ac-
quired through the development of the diﬀerential re-
sponses by IT cells to the images of relevant objects
(Kobatake, Wang, & Tanaka, 1998). When given a
choice, monkeys will preferentially explore the face
rather than other parts of the body or surrounding
objects. Within the face proper, the eye, the midface,
and the mouth were consistently inspected by viewing
monkeys (Nahm et al., 1997). Even though a lot of
references concern face recognition by extracellular re-
cording, only a few of them compared the diﬀerence in
neuron ﬁring elicited by the face with either the opening
or closing of the mouth or the eye (Rodman, Scalaidhe,
& Gross, 1993). In the experiment, the eﬀect of a hole
in a diﬀerent context, either in a geometric ﬁgure or
inside the face component (the mouth or the eye), on
the neural ﬁring of IT neurons was observed in order to
inquire into the neural correlates of the perceived pre-
cedence.
4.1. Materials and methods
Monkeys had surgery on the skull in strictly sterilized
condition under anesthesia of pentobarbital (40 mg/kg,
iv) in the period between two phases of behavioral ex-
periment. A round bone window (diameter 18 mm) was
opened and a chamber ﬁxed over as a base of micro-
electrode micro-driver (model 951, Narishige Comp.,
Japan). The bone window’s center sited at the point 10
mm above the middle of eyebrow arch and its lateral 17
mm.
Extra-cellular recording through glass-insulated elgi-
loy microelectrode (the tip of electrode 5–10 lm, resis-
tance more than 10 MX determined by 1 kHz square
waves) began after the animal recovered from surgery
(more than 7–10 days). To insert a tungsten microelec-
trode through dura matter without distortion, a stainless
steel guide tube (1.1 mm diameter) was driven down,
making a hole in dura matter. The electric signals from
the brain were ampliﬁed 10 times by the pre-ampliﬁer
made of ﬁeld eﬀective TL074/A/B with high-resis-
tant input, then ampliﬁed further by Lynx-8 ampliﬁer
(Neuralynx Comp, Arizona, USA). The neurons were
not observed until they were activated respectively by
the positive ﬁgures in Tables 1(A) and (C) or the face
photo in Table 1(B) and the signal/noise ratio reached
above 3. The neurons for which ﬁring rate increased
after the stimulus displaying 2 more times than the ﬁring
rate before the stimulus was displayed are regarded as
the speciﬁc detecting neurons, for example, face cells
and the shape-responsive neurons.
The same stimuli and experimental paradigm as in
behavioral training were applied to record and analyze
correspondent neurons. In each trial, the neuronal ﬁr-
ings were recorded for 3000 ms from 1000 ms before the
stimulus displays through 1000 ms after disappearing.
Peri-stimulus time histograms were used oﬀ line to an-
alyze stimulus-related neuron activity. The sensitivity
index 1 (SI1) and sensitivity index 2 (SI2) were calcu-
lated by the equation of Nakamura, Matsumoto, Mi-
kami, and Kubota (1994), Hikosaka (1997) and Missal,
Vogels, and Oban (1997, 1999).
4.2. Results
We recorded 150 shape-responsive neurons in the
TEO area and posterior TE, using geometric shapes in
Table 1(A), and found 80 cells with SI1 0:57 0:30 and
SI2 0:72 0:22 (Mean  SD). Therefore, the 80 neurons
were studied in detail, because their selectivity to the
used geometric ﬁgures in the experiment is very obvious,
and speciﬁc. We observed 133 neurons in TE area of the
IT and found 43 face cells, because of the neuronal re-
sponse more 2 times to face stimuli than to geometric
ﬁgures, using the stimuli of true face and line-drawn face
in Table 1(B). The distribution of the neurons, sensitive
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to geometric shape and face, separates along to the an-
terior–posterior axis of IT, partly overlapping as shown
in Fig. 3.
Fig. 4 shows response patterns in several neurons. PG
vs. NGh, NGs vs. NGsh elicit a similar response when
the monkey performs ﬁxation to a single ﬁgure dis-
played on the screen, however NGs and NGsh diﬀer
signiﬁcantly from PG and NGh. The ﬁring pattern of
PF is similar to those of NFs, but diﬀerent from NFh.
These results mean that a hole inside the shape does not
change the neuron’s response property in IT; while a
hole inside the components of the face changes the re-
sponse property signiﬁcantly. During performance of
the discriminative task, PG–NGs pair and PG–NGsh
pair elicits distinct response while the monkey performs
correctly or wrongly, but PG–NGh pair elicits the simi-
lar response no matter the performance is correct or
wrong. PF–NFh pair elicits the diﬀerent response that
depends on either right or wrong of monkey’s perfor-
mance. But PF–NFs pair elicits the similar response no
matter whether the monkey performs correctly or not.
4.3. Discussion
The patterns of neuronal ﬁring during monkey kept
ﬁxation of a picture on the monitor screen are consistent
with discriminative performance. NGh and NGsh in-
duce a distinct ﬁring pattern of the neurons sensitive to
the geometric ﬁgure, NFh induces the distinct ﬁring
pattern of face cells. The pattern similarity of neuronal
ﬁrings between PG, PF and NGh, NFs is consistent with
the low CR of behavioral performance. The facts mean
that the correspondent cells keep memory for the learnt
discrimination of pictures that signals if the reward will
be released. Absence of eyes in the line-drawn face re-
duces the ﬁring rate of the IT neurons to 50% (Ito et al.,
1995), or to 20% (Kobatake & Tanaka, 1994). There-
fore, monkeys like human are sensitive to a hole in the
eye and mouth among face stimuli; the face is special for
both monkeys and human beings especially in its eco-
logical meaning. The diﬀerence also expresses in its
neuron distribution as in Fig. 3(B). The dissociation of
modules recognizing face and shape could take place
(Gauthier, Behrmann, & Tarr, 1999).
It is interesting to understand the neuronal ﬁring
while the monkey performs the discriminative task. Both
face cells and the cells sensitive to geometric ﬁgures
demonstrated obviously functional properties that rep-
resent precedence of 2D pattern as a consistent ﬁring
pattern with behavioral patterns, but kept an indiﬀerent
ﬁring pattern to other stimulus pattern. The phenome-
non suggests that neuronal ﬁring of the detecting cells
receives rapidly feedback from an executive mechanism
to the predominant stimulus pattern, but lack of feed-
back from other stimulus patterns. Therefore, the per-
ceiving precedence of visual information processing is
ﬁnished by a feedback circuit, but not by a detecting cell.
Even the visual system perceives a rapid displaying
stimulus with 30 ms duration, but represents it accu-
rately combining with executive mechanism together.
5. General discussion
In summary, the results in both behavioral experi-
ment and extra-cellular record are consistent to support
the hole precedence in face but not geometric shape
discrimination. Several lines of research have suggested
that the face recognition is ‘‘special’’ (Farah, Wilson,
Drain, & Tanaka, 1998; Parr, Dove, & Hopkins, 1998).
In one hand, face recognition appears to have an innate
component. At just 30 min of age, an infant will track a
moving face farther than other moving patterns of
comparable contrast, complexity, and spatial frequency
(Johnson, Dziurawiec, Ellis, & Morton, 1991). On the
other hand, face perception is the most highly developed
visual skill in a human being (Haxby, Hoﬀman, &
Gobbini, 2000). Adult-like expertise in processing face
information takes years to develop and is mediated in
part by specialized cortical mechanisms sensitive to the
Fig. 3. Reconstructed maps of the inferior temporal cortex in the monkey brains in which task-related neurons were recorded. (A) Antero-posterior
extent of IT. Grey solid region is anterior IT, while shadowing denotes posterior IT. (B) Distribution of penetrations. Positions of successful electrode
penetrations are plotted at the entrance on the lateral view of the cortex. Dotted region: region covered by the penetrations. Oval region from AP0 to
AP10 is face cell recording penetrations; another oval region from AP10 to AP20 is ﬁgure cell recording penetrations. AS, arcuate sulus; CS, central
sulcus; IPS, intraparietal sulcus; LF, lateral ﬁssure; PS, principal sulcus; STS, superior temporal sulcus; LS, lunate sulcus; IOS, inferior occipital
sulcus; PMTS, posterior middle temporal sulcus; AMTS, anterior middle temporal sulcus; OTS, occipital temporal sulcus.
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conﬁgurable information-the spacing of facial features
(Grandr, Mondloch, Maurer, & Brent, 2001). A hole in
the eye and mouth changes the conﬁguration of the face
topologically (Chen, 1990). This might be due to the
changes in texture features by a hole inside face com-
ponents. The integrated shape and texture features carry
the most discriminating information of face followed in
order by textures, shape images (Liu & Wechsler, 2001).
The topological principle components play a predomi-
nant role both in recognition and reconstruction of face
categories (Pujol, Vitria, Lumbreras, & Villanueva,
2001). All of the mentioned references with our experi-
mental results consistently support the perceiving pre-
cedence of topological features in face recognition.
The perception of the global structure in a compound
stimulus requires an attention-demanding grouping op-
eration over that needed for the perception of the local
elements (Enns & Kingstone, 1995), because search
slopes were generally larger for global targets than for
local targets and the manipulations of local element size
Fig. 4. Activities of some representative neurons in the discriminative performance. 20 ms/bin in the peristimulus time histograms (PSTHs). (A)
Responses of the representative neurons to geometric shapes. (B) Responses of the representative neurons to face stimuli. (C) Activities of the
representative neurons during diﬀerent periods of the discriminative task to the geometric shapes. (D) Activities of the representative neurons during
diﬀerent periods of the discriminative task to faces. In (C) and (D), the left column showed the neuronal responses when the monkey performed
correctly; the right column showed the neuronal responses when the monkey performed wrongly. The arrows indicated the response (touching the
screen) of the monkey.
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had large inﬂuences on the search slopes for the global
targets, but not for local targets. It was also regarded as
persuade evidence for the perceptual precedence of to-
pological features than Euclidean features.
Due to good temporary resolution of ERPs, ERPs
has been used to monitor the precedence of information
processing during discrimination of global and focal
features. The latency of N2 at frontal–central area was
longer in response to the local than to global features
when subjects performed global advantage (Han, Fan,
Chen, & Zhuo, 1997). On the contrary, the N2 compo-
nent at temporal/occipital area presented shorter latency
and higher amplitudes to local targets than global tar-
gets when the subject’s RTs showed a local advantage
(Heinze & M€unte, 1993). Therefore, the perceiving
precedence is not ﬁxed invarietly; it depends on many
properties of stimulus set, subjects and perceiving para-
digm.
6. Conclusion
The ﬁndings in the behavioral and neuronal studies
demonstrate the hole precedence in face but not ﬁgure
discrimination in the monkey. It seems to be a species-
speciﬁc phenomenon. The neural correlates of the
context-dependent eﬀect exist not only in the inferior
temporal cortex but also combine with executive
mechanism of the monkey brain. Further experimental
research is needed.
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